QCD critical point
Signatures: event-wise fluctuations.
Susceptibilities diverge ⇒ fluctuations grow towards the critical point.
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Magnitude of fluctuations
Scaling and universality of critical phenomena: χ ∼ ξ power .
How big can ξ grow?
Limits:
Proximity of the critical point Finite size of the system ξ < 6 fm.
Finite time: τ ∼ 10 fm.
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Dynamic scaling and universality Hohenberg, Halperin Rev. Mod. Phys. 49, 435 (1977) Near the c.p. Typical relaxation time scale in the system diverges (critical slowing down):
The exponent z is determined by the dynamic universality class.
Systems with equivalent static critical behavior are not always in the same dynamic universality class.
Example: Ising model and liquid-gas phase transition.
Simple reason: the order parameter (density) in the latter is a conserved quantity ⇒ relaxes slower at large distance scales (by diffusion), then in the Ising model (local relaxation).
Dynamic universality class of QCD critical point
Son, MS, hep-ph/0401052
Statics: symmetry and dimensionality → Ising model (same as liquid-gas).
Dynamic universality class depends on relevant hydrodynamic modes.
Modes which relax arbitrarily slowly: densities of conserved quantities, order parameter.
The fluctuations of the energy and momentum densities: ε ≡ T 00 − T
00
, and π
The fluctuations of the baryon number density, n ≡qγ
The chiral condensate σ ≡qq −. Is it liquid gas (H), or is it Ising model (A), or is it another universality class altogether? (Berdnikov, Rajagopal: model C) Statics σ and n mix.
One flat direction: (σ, n) ∼ (−B, A). Only one critical mode.
Susceptibilities, e.g.:
Either σ or n can be used as an order parameter (both jump across 1st order phase transition).
Dynamic equationṡ
with (so that
Using F (and to leading order in ∇):
(+ noise)
Dynamic universality class of the QCD critical point -p.8/16
Near critical point:
Critical mode (flat direction) is the diffusive mode, σ = (−B/A)n.
Sigma alone (n = 0) relaxes on a finite time scale even at c.p (Γ is finite).
Conclusion: only one hydrodynamic mode after σ and n mixing, and it is diffusive.
Diffusion constant:
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Diffusion constant and critical indices
This is model B.
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Coupling/mixing with energy-momentum Modes to consider:
ε, π n σ Only one combination of n and σ is truly hydrodynamic → ε, π and n.
Same as in the liquid-gas dynamic universality class. This is model H.
Model H
Review results (Hohenberg, Halperin):
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Conclusion
Mixing between σ and n (and ε, π ) leaves only one hydrodynamic modediffusive.
Dynamic universality class of QCD c.p. is that of model H.
z ≈ 3 (> 2 of model A, but < 4 of model B).
Finite time constraint is rather strong:
is not too large. Observability: fluctuations are χ ∼ ξ 2 .
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